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(g) Dual mode transmission system. 

(57) A dual mode transmitter circuit is disclosed 
including a non-linear high-power amplifier 
having an amplification that can be adjusted 
and a linear high-power ' amplifier. A first switch 
and a second switch are connected to the input 
and output of the linear, high-power amplifier. 
An amplification-adjustable, high-frequency 
transmitter control amplifier is connected to the 
input of the non-linear high-power amplifier 
Means for measuring transmission power such 
as a directional coupler is connected to the 
second switch, and a duplex filter -is connected 
to the directional coupler. A power level control 
circuit is responsive to the- measured transmis- 
sion power from the directional coupler and to a 
power level signal. The power level signal is 
representative of the desired output power of 
the transmitter. The power .level control circuit 
compares the measured power level from the 
directional coupler with the desired power leve 
and produces a difference signal on its output 
lead which is connected to bc*h the non-linear 
high-power amplifier and to this high-frequency 
transmitter control amplifier. A mode selection 
signal, for designating either an analog or digi- 
tal type transmission mode is applied to a mode 
control circuit that is responsive to the mode 
selection signal and provides switching signals 
to the first and second switches and a control 
signal to the linear amplifier. The mode selec- 
tion signal sets the transmitter to function in 
either the non-linear transmission (analog) 
mode or the linear transmission (digital) mode. 
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The present invention relates to dual, mode radio 
frequency transmission systems. , . , : : 

it is difficult to. provide a radio f requency ^trans- 
mitter for use. in mobile phone systems ,for broadcast- 
ing both equal and,, non-equal amplitude high- 
frequency signals by means of the same device (e.g. . 
the DAMPS and CDMA transmission systems to be 
referred to here as dual mode mobile phone systems) 
which will achieve highest possible efficiency in both 
operational modes. This is an especially serious prob- 
lem ip the case of hand-held phon.es,:Which require a 
higlvefficiency^transmitterjn alLmodes of operation 
in orderUo provide ; ,a f jong operating time and.tp mini- 
mize warming-.caused by waste heat. - 

The. conventional solution of employing a linear 
transmitter in which the same transmitter. is^used to 
amplify bpth equal and non-equal amplitude signals, 
results, in .poor efficiency, particularly in the case of 
transmissions which : use, equal amplitude signals. 

One solution/previously used in the art for.rdual 
mode transmission to, improved iciency is to provide 
a qircuiUn which the operating- point of the transmitter 
(and thereby its efficiency) is adjusted in accordance 
with the signal to be transmitted. In the case of the 
arnplif ication of an equal amplitude signal, the opera- 
tional 'category is [adjusted to class C, for example, 
which provides a high efficiency. 

-The present inyent:pn<aims, to/prqyjde a dual 
mods transmitter which produces a good efficiency in 
the case~.pf iboth ; equat-,and non-equal amplitude 
transmissions^ , ;:-= ; ..^ . > 

Accordingly; in one aspect, the presentjnyentiop 
provides a^duahmode signal transmission system of 
the type wherein modulated signals aretransmitted in 
a digital or analog mode comprising a first arnplif ica-. 
tion means>having controllable amplification gain re- 
sponse to a modulated signal transmission; a power 
measuring means connectedto the output of said first 
amplification means,for providing.a signal represen- 
tative-^ said system,actual transmission power level; 
an outputrnegnsjncludjngafilt^r.a antenna means 
forlransmitting^sa/id.mpdulatedsignal; a Ijnear ampli- 
fier;^. mode control signal for specifying a non-linear 
analog transmission r mpde and a linear H digital trans- 
mission ; mode; and rneans>for selectively disconnect- 
ing said first amplification means from said power 
measuring means and for connecting said linear am- 
pjifier. betvyeen, first ^ampjificatipn rneans. and said 
powenmeasuring ipeans in response t ,tp. said : .mode 
control.signal. \; - *■; - .>:-. 

In a second aspect, the present invention pro- 
vides.a^dualrnpde. signal transmission system com- 
prising a .signal input and a signal output which are 
coupled to each other by a signal path;,the system fur- 
therLcpmprising, in the signal path, ; .a-first amplifica- 
tion; means haying a controllable ^frequency re- 
sponse; a power measuring means coupled to the 
output of the first arnplif ication means and providing 



a signal representative. of the actualsystem transmis-, 
sion.power level; the,system further comprising a lin- * 
ear amplifier switchable into.andoutofttie signal path 
according to a mode control signal. 
5 ' , The present invention has application to the field, 
of.mobile phoneys. ■ 

Subsidiary aspects of the invention are given in 
the appended claims.. , . 

; The drawing illustrates a schematic block diar . 
10 gram of an exemplary embodiment of a dual mode, 
transmitter according to.the principles of the present 
invention. . , « f r , P . 

; ' Referring to t(\e drawing, a dual mode transmitter' 
; circuit is illustrated including a high-power amplifier. 
15 means lO.havingan amplification that can be adjust- 
ed and : a linear high-power,amplifier,1 2. Afirst switch 
14 and a second switch 16 are connected to the input 
and output of amplifier 12. An, amplification-adjust-, 
able, high-frequency transmitter control amplifier 18 
20 is connectedto the input of amplifier 1 0. Means 20 for 
measuring, transmission power such as a directional 
coupler is connected to switch 16, and a duplex filter 
22 js connected to means 20. - '. 
.'. , A-ppwer level control means 24 is responsive to 
25 the measured transmission power from means 20 
and to a power level signaj op lead, 26. Power level 
signal on lead 26 is representative^ the desired.put-, 
put ppwpr.of the transmitter. The power level control 
means 24 compares ,the measured .power, level f rpnri, 
30 means 20 with the desired power level on lead 26 anc^ 
produces a difference signal on its output leads 34 
and' 3,5 and provides thedifference signal on \ead%34 
and 35 to \pqth the high-power amplifier 10 and tp,the 
high T f requency transmitter control amplifier 1 8. 
35 The output of high power amplifier 10 can be con- 

trolled via the power amplification operating point, 
the ; operating voltage s or the in put . operating power. 

A mode selection signaj, for designating either an 
analog or digital type transmission mode is applied to 
40 terminal 28. A mode control nrieans 25 is. responsive 
to the ; mpde selection. signal on terminal 28 and pro- 
vides switching signals ; to switches.1 4 and 16 and a 
control signal to linear amplifier 12. Thus, the mode 
? . ^ejection signal applied to terminal.28 sets the trans- 
45 mitter to function in either the npn-linpar transmission 
(analog) mode or; {he linear, trapsrnission (digital) 

: mode. , • - -~ ; • ,r \ 

The modulated signal to be transmitted is appliefj 
to.the input terminal, 36.of contrpl T ampljfie^ : 18, and 

so spasmed thrqygh, high-power amplifier .10. Jf switches 
14-and ,16 are set in the "aV. position^which is the pos- 
ition for the digital transmission mode,,, the modulated 
.signal from amplifier 10 is cpnnectedjo^and passes 
e thfOUGh linear.high-ppwer.amplifier :r l2^through pow- 

55 er measurement means. (differential coupler) 20 and 
.through duplex filter 22 where. it is connectedto, an an- 
tenna (not -shown) for transmission.. :i . 

For the non-linear, or analog mode of transmis- 
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sion, an analog mode designating control signal is ap- 
plied to terminal 28. In response; mode control means 
25 provides'sijgnals on leads 30 and '32 which set 
switches 14 arid 16 to the "b n position^hereby discon- 
necting and removing linear, high-power amplifier 12 
from the transmission path between' amplifier 10 and 
duplex filter 22. The output of amplifier 1 0 is connect- ' 
ed through coupler 20 to filter 22. Amplifier 1 2 is in a 
non-active state. Amplifier 10 js op'erated near or at 
it's saturation non-linear region to achieve 1 high 
enough output power and high efficiency. 

The output power of the transmitters controlled 
by adjusting either the amplifier 1 0 input power or the 
operating voltage of an output transistor contained in 
amplifier 1 10.' y *"" ' ' '\ ' 

For the linear, or digital mode bftrah Emission; the 
mode control signal at terminal 28 designates a digital 
transmission mocie and causes mode control means 
25 to : provide signals on leads 30 and 32' to place 
switches 14 and 1 6 in the "a" position wherein the out- 
put of amplifier 10 is connected tbthe input of linear 
amplifier 12. The overall output power from amplifier 
18 and arripiifier 10 has been set so low, that ampli- 
fiers 1 8 and 10 effectively operate in a linear manner; 
for example with a : 6dB back-off, meaning t: haft he in- 
put power of an amplifier is adjusted sucH that the 1 out- 
put power is some : 6dB below the 1dB compression 
point ; and thus the amplifier is operates in a linear 
mode. Amplifier 12 receives such a low power RF" lev- 
el* input signal that it operates in a linear modeV that 
is', in class A. ' - . n ? .* 

* Thus, in the transmission system of the present 
invention transmission power is adjusted in' bo'th'the 
analog and digital modes by measuring the output 
transmission signal power witri the directional coupfer 
20 and comparing it with the desired output transmis- 
sion power on lead 26 at the power level control 
means 24. A'differential signal is used as a correction 
signal and is fed back to amplifiers 18 and 10, 

A significant feature'of the : present invention is 
that the same structures can'be used in both the ana- 
log and digital modes and that the output power iri the 
analog mode can be adjusted by regulating the gain 
of gain controllable amplifier 18; or the amplifier 10 
bias point or adjusting the Amplifier 10 operating 
point, or in some implementations, the supply voltage. 
In the digital mode* the output power dan be adjusted 
only be regulating the gain of the gain controllable 
amplifier 18. : : " ' 1 - sij - j 

' What has been described is a dual mode trans- 
mitter struct ure^Hat operates rn an analog or a'digkal 
mode depending on the state of a mode control sig- 
nal. A linearamplifier'is connected in series Into the 
transmission signal path in the digital'mode. It should 
be understood that trie switches are logical functions 
and heed nbVbe implemented- by physical switches. 
The switches 14 : and/br 16 may be replaced in other 
implementations/ for example by power divider(s). • 



While the invention has been described in con- 
nection with a particular embodiment, if is not intend- 
ed to limit the scope of the invention to the form set 
forth, but, bn the contrary, it is intendedto cover such 
5 alternatives, modifications and equivalence as may 
be included within the scope of the invention as de- 
fined in the appended claims. 

*' " ■ . ' -■ : \ 1-. ' ' * - ' 

10 Claims - 

1. A dual mode signal transmission system of the 
• type wherein modulated signals are transmitted 

' iri a digital or analog mode comprising, a first am- 
is plif ication means (10,18) having controllable am-' 
• piification gain response to a 'rhodulated^signal 
•'transmission; ' - ' * - 1 . '• 

a power measuring means (20)" connected 
"tot he output of said firs bam pi if ication means for 
20 providing a signal representative of-said system 

'.--' actual transmission power level; •* : ' 
^ M an output means(22) including a filter and 

: antehna means for' transmitting said modulated 
: ' signal; : - ' " • j : ' * . 

25 a linear amplifier (12);* * : ' * 

a rhode coritrol!signal (28) forspecifying a 
* : non-linear anatog transmission mode and a linear 
digital transmission mode-; and- --■ o-.; i 

means (-14, 16,30 '32; 25) ; for ? selectively 
30 * "disconnecting said first' arhpl i-f ication -means- 

(10,18) from said power measuring means (20) 
and for connecting said linear amplifier- (1 : 2) be- 1 
-tween first amplification>means (10,18):and said 
"power measuring means in response -to- said 
35 ' r mdde control signal (28): - — 

2. A dual mode signal transmission system accord- 
r irig to claim 1 wherein said linear amplifier (12) is 

disconnected from said first amplification' means 
40 - ' (10;18) and said power measuring means (20) in 
response to a mode* control 1 signaP specifying" a 
non-linear analog 'transmission' foodeyand • *• 
■• :* '* r ■• ' wherein : sdiid ' I in e^'r^ -a rn pltf ierH ^1^) : i s con- 
? ^ riected" between :said first amplifrcatJoti' means 
45 : ' ; (10,18) and said power measuring- means (2G) in 
response' to a mode control signar specifying a 
' - linear digital transmission- mode. * b'~. 

''3.' ; A dual mode signal trans mission 'systehr a ccord- 
50 -'• * ** ing to claim -2 further including rneans(26y for pro- 
viding a signal representative of a ctesured'trans- 
" mission* power level; i .:• 

• - v " * power level control'means (24) cbnhScted 
• : - - -to said power measuring^e'anfs (20): and to'said 
55 v ' signal therefrom representative ofcsaid- system 
- actual transmission power level arid to saidsig- 
nal representative of a desired transmission pow- 
*' ' er level for comparing said active anddesiredlev- 
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el signals for producing a differential control sig- 
nal representative of their difference; and' " 

means (34,35) for connecting^said.differ- 
ential control signal from said power level control 
means (24) to said first amplification means 
(10,18) for controlling the output power of -said 
first amplification means (10,18) to provide an 
actual transmission power level equal to said de- 
sired transmission power level. 

4. A dual mode signal transmission system accord- 
ing to claim 2 wherein said first amplification 
means (10,18) is a nonlinear amplification 
means', and wherein said non-j in ear first ampiifif 
cation means provides a non-linear modulated 
transmitted signal from said transmission system 

in said non-linear analog transmission mode. r 

5. A dual mode signal transmission system accord- 
ing to claim 2 wherein said linear amplifier (12) 
connected between said first amplification - 
means and said power measuring means (20) 
providesalinearamplified and transmitted signal 
from said transmission system in said linear dig- 
ital transmission mode. 

6. A dual mode signal transmission system accord- 
ing to claim 2 wheirein said power measuring 
means (20) is a differential coupler circuit, 

7. A dua) mode signal transmission system accord- 
ing -to claim 4 wherein said first amplification 
means includes an amplification-adjustable, high 
frequency transmitter control amplifier^ 8)"antf 
a non-linear high-power amplifier connected (10) 
in series. f 

8. A dual mode signal transmission system accord- 
ing to claim 4 wherein said signal from said first 
amplification means (10,18) is adjusted to a high 
value to cau§e„ said first amplification means to 
operate in a fain-linear mode in response to an 
arialog mode control signal. 

9. A dual mode signal transmission system accord- 
ing to claim 5 wherein the output from said first 
amplification means (10,18) is adjusted to a low 
value to cause said first amplification means to 
operate in a linear mode in response to a digital 
mode control signal. 

i ' * .** 

10. A dual mode signal transmission system compris- '" 
ing a signal input (36) and a signal output which 
are coupled to each other by a signal path; 

the system further comprising, in the sig- 
nal path, a first amplification'means (10,18) hav- 
ing a controllable frequency response; and a 
powermeasuring means coupled to the output of 
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the first amplification means (2.0) and providing 
a signal representative of the actual system 
transmission power level; 

the system further comprising a linear am- 
plifier (12) switchable into and out of the signal 
path according to a mode control signal (28). 
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(54) Dual mode transmission system 

(57) A dual mode transmitter circuit is disclosed in- 
cluding a non-linear high-power amplifier having an am- 
plification that can be adjusted and a linear high-power 
amplifier. Afirst switch and a second switchare connect- 
ed to the input and output of the linear, high-power am- 
plifier. An amplification-adjustable, high-frequency 
transmitter control amplifier is connected to the input of 
the non-linear high-power amplifier. Means for measur- 
ing transmission power such as a directional coupler is 
connected to the second switch, and a duplex filter is 
connected to the directional coupler. A power level con- 
trol circuit is responsive to the measured transmission 
power from the directional coupler and to a power level 
signal. The power level signal is representative of the 
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desired output power of the transmitter. The power level 
control circuit compares the measured power level from 
the directional coupler with the desired power level and 
produces a difference signal on its output lead which is 
connected to both the non-linear high-power amplifier 
and to the high-frequency transmitter control amplifier 
A mode selection signal, for designating either an ana- 
log or digital type transmission mode is applied to a 
mode control circuit that is responsive to the mode se- 

• lection signal and provides switching signals to the first 
and second switches and a control signal to the linear 
amplifier. The mode selection signal sets the transmitter 

* to function in either the non : linear transmission (analog) 
•mode or the linear transmission (digital) mode. 
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